Background: The link between restless legs syndrome (RLS) and the number of amalgam fillings in older people was investigated. Restless legs syndrome decreases the quality of life and impairs normal functioning. Mercury (in amalgam) may be toxic to nerve cells and may account for the incidence of RLS. Material and Methods: The relationship between RLS and the presence of amalgam in the teeth of 104 people aged 60-97 years old was determined. By using 4 questions, together with the diagnostic criteria from the internationally used questionnaire produced by the International Restless Legs Syndrome Study Group (IRLSSG), authors assessed the extent of the symptoms and occurrence of RLS. Careful medical history and medical examination were used for ascertaining each subject's type of restorative materials (i.e., amalgam or other metal) and the number of such fillings. Results: Subjects who answered "yes" (indicating presence of RLS) to the 4 subsequent questions had a significantly higher number of amalgam dental fillings as compared to the subjects without RLS symptoms. Presence of other metal dental restorative materials and the number of amalgam dental fillings reported in the past had no significant influence on RLS symptomatology. Conclusions: Authors conclude that while examining the correlates of the appearance of restless legs syndrome the use of amalgam in the dentition should be taken into account. Med Pr. 2019;70(1):9-16
INTRODUCTION
Restless legs syndrome/Willis-Ekbom disease (RLS/WED or RLS) is a real problem to patients and the correct diagnosis often takes years. Its symptoms are diverse and distressing. In 1944 Ekbom gave the first clinical description, although Willis discovered it in 1672. Willis's quote dating back to 17th century is as follows: "whilst they would indulge in sleep, in their beds, immediately follow leapings of the tendons, in their arms and legs, with cramps, and such unquietness and flying about of their members, that the sick can no more sleep than those on the rack" [1] .
Restless legs syndrome is a debilitating chronic condition affecting all age groups, particularly the elderly, causing insomnia and significantly decreasing their quality of life (QoL) [2] . In the general population, the prevalence of RLS has been estimated at up to 25%, increasing in the older population. Women are approximately twice as likely to suffer as men [3] . Overall, patients with RLS have poorer health, more frequent depression and increased risk of death [4] .
A diagnosis of RLS is based on a clinical history. Leg restlessness during the night is a leading complaint. The isolated involvement of other body parts, without leg involvement, is also possible, with large proportion of patients having arm paraesthesia and restlessness. In 2003 specific diagnostic criteria were developed by Allen et al. for the cognitively impaired elderly and updated in August 2014, so that an accurate diagnosis of RLS could be determined, and its symptoms would not be confused with those of other conditions [5] .
The idiopathic form of RLS is known as primary RLS. If the RLS is ascribed to an existing medical condition (e.g., renal disease), it is called secondary RLS. Among various illnesses, the toxic influences of various metals, especially that of mercury (Hg), have been considered in the literature [6] . Mercury is known to damage the https://doi.org/10.13075/mp.5893.00749
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Magdalena Szklarek, Tomasz Kostka cardiovascular system, kidneys and the central nervous system. Xu et al. demonstrated that mercury had a toxic effect on the neurons in the brain [7] . Mercury has been implicated in causing deposition of immune-complexes [8] thus leading to glomerular disease.
Our bodies are exposed to mercury throughout our lifetime from a variety of sources. Mercury is present in amalgam filling, widely used by dentists, generally in the past. Amalgam fillings contain 50% of Hg, together with other metals (Cu, Sn, Ag and Zn). The mercury vapor is released during daily routine activities, e.g., chewing. Bjorkman's work showed that dietary mercury and mercury coming from dental amalgam restorations may be concentrated in the brain [9] .
Interestingly, in the existing literature authors have not found studies assessing symptoms of RLS as a potential manifestation of Hg toxicity in relationship to amalgam fillings use. Therefore, authors have undertaken the study into the prevalence of RLS and its connection to the presence of amalgam fillings.
MATERIAL AND METHODS
Research was carried out in a Polish Housing Society in Penrhos, North West Wales, founded in 1949, providing accommodation and support to Polish ex-service men and women who remained in the UK following World War II. These people live independently within the society's houses or flats and have access to communal dining and social areas plus a church. In order to eliminate potential confounding factors subjects with significant health problems, that could influence the measurements to be performed in the study, were excluded. The exclusion criteria were being bed-or wheelchair-bound and poor mental health. The criteria for inclusion in the study, were older age, satisfactory verbal communication and ability to perform functional tests. Thus, 24 subjects out of 128, who were either temporary or permanent residents of this housing association's nursing home were excluded. The study finally comprised 104 elderly cognitively normal, relatively healthy volunteers (70 women and 34 men) between 60 and 97 years of age. Participants were free from terminal illness, major disabilities or severe dementia. The study was approved by an ethics committee of the Medical University of Lodz and written and informed consent was obtained from all subjects.
All subjects were interviewed to obtain a full medical history including regular medication taken. With the patient's consent, the nursing staff filled in any gaps in their disease history. Information about alcohol intake and smoking was gathered. The number of amalgam fillings, dental restorative materials historical and/ or present were noted from medical documentation and dental examination. The diagnosis of RLS is purely clinical and is based on the information obtained during an interview with the patient. Authors applied the diagnostic criteria of the International Restless Legs Syndrome Study Group (IRLSSG) in the form of 4 questions of the internationally used questionnaire in order to determine the appearance of the problem of RLS. The International Restless Legs Syndrome Study Group Severity Rating Scale was used in order to identify the severity of the disease [10] .
Multidimensional questionnaires were used for determining mental status and physical efficiency. Mental functions were assessed using Mini-Mental State Examination questionnaire (MMSE) [11] and 15-item Yesavage Geriatric Depression Scale (GDS) [12] .
The physical activity (PA) was assessed using the popular Seven Day Physical Activity Recall (SDPAR) [13] questionnaire; it was chosen because of its high validity demonstrated among elderly individuals. The SDPAR questionnaire total score (daily energy expenditure within the last week) was calculated and used for the following comparisons. Physical disability was assessed by 2 scales: Activities of Daily Living (ADL) [14] and Instrumental Activities of Daily Living Scale (IADL) [15] . Functional status was assessed with the Timed Up and Go (TUG) [16] test, which looks at the abilities of transitioning from sitting to standing and walking short distances. Quality of life was assessed with the EuroQol 5D (EQ-5D) [17] questionnaire. It is a widely used and validated generic instrument with 5 dimensions: mobility, self-care, usual activities, pain/discomfort and anxiety/ depression. Each dimension has 3 levels: "no problems" (no limitations), "some problems" and "severe problems." In addition, each subject was asked to describe his or her overall actual health state using the EuroQol Visual Analogue Self-Esteem Scale (VASES) [18] , where 0 denotes the worst imaginable health state and 100 indicates the best imaginable health state. All the research tools used in this study have been used in previous studies and validated in general and geriatric medicine over the years.
Statistical analysis
The results were verified for normality of distribution and equality of variance. The one-way analysis of variance (ANOVA), Mann-Whitney U test or χ 2 test were used for comparing the groups. EuroQol 5D dimension data was dichotomized (no problems vs. any problem) Nr 1 for statistical analyses. The multiple logistic regression was used for verifying whether the number of amalgam dental fillings was a predictor of RLS independently of age and gender and whether the presence of RLS was predictor of EuroQol 5D dimensions independently of age and gender. Odds ratios (OR) and confidence intervals (CI) with 95% confidence limits were calculated. The quantitative variables are presented as M±SD. The statistical analysis was performed using Statistica 12 CSS software. The limit of significance was set at p = 0.05 for all analyses.
RESULTS
The average age of respondents was 84±7.1 years old. Forty-one subjects had RLS, and 63 did not. Out of the 41 subjects with RLS, 1 had very severe symptoms, 9 had severe, 23 moderate and 8 mild according to the IRLSSG Severity Rating Scale. Two women had also upper limbs RLS. Twenty subjects had coexisting current or previous problems such as anaemia, malaria, iron or vitamin B12 deficiency, which may have indicated secondary RLS. Within that group 1 woman's symptoms began in her thirties after pregnancy.
The Table 1 shows the characteristics of patients with and without RLS. Age and sex composition of both groups were similar. Subjects with RLS were characterized with lower physical activity (energy expenditure) level. The number of sleep hours per week, physical function (ADL, IADL, TUG) and cognitive functioning (GDS and MMSE) were similar in both groups. Subjects with RLS had a significantly higher number of amalgam dental fillings as compared to the subjects without RLS symptoms (Table 1) . For those subjects who at one time had amalgam fillings, but were later removed, the data was statistically insignificant in this study. Likewise, incidence and severity of RLS had no association to the presence of other metal dental restorative materials, history of depression or other diseases, alcohol intake and smoking status (not shown in the table).
Subjects who answered "yes" (indicating presence of RLS) to the 4 consecutive questions had a significantly higher number of amalgam dental fillings (2.3 vs. 1.0, 2.5 vs. 0.9, 2.3 vs. 1.2 and 2.5 vs. 1.1, respectively) as compared to the subjects without RLS symptoms (p-values were 0.04, 0.01, 0.08 and 0.03, respectively). The group that had the largest number of amalgam fillings (7-13) had the greatest incidence (77.8%) of RLS. In those with 1−6 fillings the percentage was 42.1% whereas those with no fillings the percentage was 31.6% (2×3 χ 2 , p = 0.028) (Figure 1) .
The multiple logistic regression confirmed that the number of amalgam dental fillings was predictor of RLS independently of age and gender: The Table 2 presents the results of the EQ-5D questionnaire. Subjects with RLS had more mobility and the Hg thus adding to the body burden [25] (and indeed some mercury may be left behind in the root cavity and remains in the organs). To sum up, initially some Hg as a vapor occurs on the introduction of fillings and later continually emits vapor during chewing, bruxism, eating, brushing, drinking hot liquids [26] , during subsequent deterioration of filling and even on removal. All of this leads to a lifetime of possible toxic accumulation of Hg and the implications of this are serious. Not all people with amalgam fillings exhibit RLS symptoms. Conversely, some people with RLS do not appear to have had amalgam fillings. The latter being difficult to categorically prove, as these fillings may have been removed and the person does not remember. Even when the amalgam fillings have been removed the previously released Hg remains in the organs [9] . However, the concentration of mercury in people's bodies varies [27] , which may explain the different intensity of paroxysmal sensations.
Other potential sources of Hg in the body should also be taken into consideration. Mercury not only enters the body from the environment such as through food chain, but also by occupational exposure and from industry, e.g., pollution of soil, water or air [28, 29] . Since this contamination is widespread and not adequately regulated it is possible that the accumulation of Hg in the body comes from a variety of sources. Although the individual sources of Hg have a maximum dose, it is the accumulation from various sources that is the concern. Dórea et al. [30] noted that toxicity profiles from ethylmercury (etHg) and methylmercury (meHg) are different with different exposure and toxicity but exposure to both may enhance neurotoxic effects. Since this exposure starts in childhood and is continuous throughout life the implications are potentially serious and significant. Early exposure may begin in the womb because mothers may have injections preserved with Thimerosal [31] and may have amalgam fillings. Maternal and fetal hair mercury levels were significantly higher in women with amalgam restorations, no matter if dental amalgam had been placed before or during pregnancy [32] . Thimerosal containing 49.6% by weight of ethyl Hg, may be hazardous to health and yet it is the most widely used form of organic Hg, occurring in various pharmaceuticals, cosmetics, topical beauty creams and teething powders [33] . Mothers living in Minamata ate food contaminated with methylmercury and this passed through the placenta. Following the Minamata disaster babies were born with serious and extensive brain lesions. This congenital condition is called Minamata usual activities problems as compared to their healthy peers.
The multiple logistic regression confirmed that the presence of RLS was predictor of mobility problems independently of age and gender:
OR(CI) = 2.62×(1.10−6.28)×(p = 0.024)
The multiple logistic regression confirmed that the presence of RLS was predictor of usual activities problems independently of age and gender: 
DISCUSSION
To the best of our knowledge, this is the first study showing that amalgam fillings may be implicated in the appearance of RLS and contribute to lower QoL in older subjects. Restless legs syndrome in the elderly and general populations is associated with sleep impairment, depression, lower QoL and increased risk of mortality. People with RLS often describe the sensations in their limbs as pain. The elderly population usually have many painful conditions or sleep disturbance and it is difficult to differentiate between the causes. Therefore, several diagnostic tools have been proposed to detect RLS, of which the IRLSSG questionnaire for the diagnosis of RLS is the most widely used.
Toxic influences of Hg may be considered to be a potential contributor to RLS occurrence. Amalgam fillings have been important sources of Hg in the body for many years. Amalgam has been used for filling the body of the tooth and in the restoration of carious roots. This amalgam has been shown to infiltrate areas around the teeth [19] .
Metal Hg plus Hg vapor inhaled from the oral cavity is then absorbed via the buccal membranes entering the bloodstream of a pulp vascular system and is deposited in the organs, e.g. kidney, brain and some is excreted in the urine [20] . Mercury is also released from amalgam by using chewing gums [21] , nicotine gums [22] and to a lesser extent from bruxism [23] . A variety of authors indicate that amalgam corrosion and Hg release is increased by contact with different metal fillings. Thus, there is a progression of Hg release and uptake and this changes over time and circumstances.
Zander et al. [24] showed that exposure from Hg fillings was higher than that from food and other sources. Paradoxically, removal of amalgam filling may release (2) (3) disease (M. d.). Gotelli stated that the "dose make the poison" while describing an incident when a disinfectant containing Hg salt was used by a commercial diaper washing service in Buenos Aires in 1981. Due to the absorption of phenyl mercury through their skin, 1600 babies were poisoned. This affected their urinary excretion, some become light phobic and had neurological difficulties such as flaccid muscles [34] . Mercury is known to enter breast milk [35] following a mother's exposure to Hg. In addition, Hg may enter the child's body from childhood vaccinations because thimerosal is used as a preservative in vaccinations. Childhood exposure to Hg has been implicated in the risk of autism, ADHD and neurological problems in the offspring [36] .
Several shortcomings of this study should be acknowledged. The relationship of RLS to the presence of current amalgam fillings and some aspects of QoL were observed. For those subjects who at one time had amalgam fillings, but were later removed, and at the same time they showed RLS symptoms, the data was statistically insignificant in this study. Older subjects may not remember the number of fillings and other dental interventions. On the other hand, to minimize those potential biases only subjects without cognitive impairment were included to the study. Each person's reaction to each exposure is variable due to personal sensitivity and may be governed by genetic variations and/or predisposition [37] . It is not known why some people exhibit symptoms, more severe symptoms or none. It may be indeed "dose" related or the individual's response to that dose. Another factor is that some people are hypersensitive to Hg with an autoimmune system that is compromised, and they may exhibit allergic symptoms [38] . Therefore, current findings should be corroborated in future studies assessing other aspects of Hg toxicity from the dental amalgam. For example, the relatively new data about an increased mercury release after exposure to electromagnetic fields (as those generated by mobile phones or MRI) [36, 39] . Identifying them is a major challenge and worthy of investigation. Future studies should relate the occurrence of RLS to the mercury concentrations in urine.
In the literature, there are descriptions of the condition that would be identified as RLS now. Charles Dickens' largely autobiographical story David Copperfield with its' observation of self and/or others said of the waiter: "At last I rose to bed, much to the relief of the sleepy waiter, who had got the fidgets in his legs, and was twisting them, and putting them through all kinds of contortions" [40] .
Charles Dickens himself as a child, worked in a shoe blacking manufacturing establishment. The blacking was made from soot which contains mercury Iodide (HgI 2 ). The exposure is inevitable, but it is necessary to minimize it and research into this would be advantageous for present and future generations.
CONCLUSIONS
In conclusion, older subjects with the presence of symptoms of RLS had a significantly higher number of amalgam dental fillings as compared to the subjects without RLS symptoms. Therefore, while examining the correlates of the appearance of restless legs syndrome, the use of amalgam in the dentition should be taken into account.
